Background: African Americans experience disproportionately higher prevalence of type 2 diabetes and related risk factors. Little research has been done on the association of ADIPOQ gene on type 2 diabetes, plasma adiponectin, blood glucose, HOMA-IR and body mass index (BMI) in African Americans. The objective of our research was to assess such associations with selected SNPs. The study included a sample of 3,020 men and women from the Jackson Heart Study who had ADIPOQ genotyping information. Unadjusted and adjusted regression models with covariates were used with type 2 diabetes and related phenotypes as the outcome stratified by sex. Results: There was no association between selected ADIPOQ SNPs with type 2 diabetes, blood glucose, or BMI in men or women. There was a significant association between variant rs16861205 and lower adiponectin in women with minor allele A in the fully adjusted model (β(SE) p = −.13(0.05), 0.003). There was also a significant association with variant rs7627128 and lower HOMA-IR among men with minor allele A in the fully adjusted model (β(SE) p = −0.74(0.20), 0.0002).
Background
Type 2 diabetes is more prevalent among African Americans when compared to most racial/ethnic groups in the US-even after taking into account socioeconomic status (SES), prevalence and severity of hypertension and access to health care [1] [2] [3] [4] . African Americans also have a higher prevalence of elevated A1C hemoglobin, fasting blood glucose, insulin resistance and obesity which are risk factors for type 2 diabetes [1, 5, 6] . Adverse behavioral lifestyle, such as poor diet and physical inactivity, are contributing factors associated with type 2 diabetes. African Americans have an overall worse lifestyle profile and lower SES [1, 7] .
Plasma adiponectin levels are inversely correlated with type 2 diabetes, blood glucose, insulin resistance and obesity [8] . Adiponectin is an adipose tissue-specific hormone that is responsible for increasing energy expenditure and lipid catabolism as well as enhancing fatty acid oxidation and insulin sensitivity [9] . African Americans present with lower levels of adiponectin and have more severe type 2 diabetes phenotypes [10] . The adiponectin gene (ADIPOQ) located at position 3q27 has been established as the main genetic determinant of plasma adiponectin levels with an inheritance genetic component between 30 to 70 % [11] . The ADIPOQ gene spans 1.579 kb and contains 3 exons. The translation start point is located in exon 2 [12] . Several single nucleotide polymorphisms (SNPs) located in ADIPOQ have been associated with adiponectin serum levels, body adiposity and metabolic alterations making this gene a candidate for type 2 diabetes and associated traits [12] [13] [14] . A limited number of studies have investigated the association of genetic variants in the adiponectin gene with type 2 diabetes and its related phenotypes in African Americans [15] [16] [17] [18] [19] . Many of these studies have yielded conflicting results due to small sample size, inclusion of only one gender, and the confounding effect of unadjusted population structure and behavioral lifestyle factors. The objective of the current study was to assess the association of SNPs in ADIPOQ with type 2 diabetes, level of plasma adiponectin, blood glucose, insulin resistance and body mass index (BMI) in African American men and women with adjustments for biological, behavioral and socioeconomic factors. We hypothesized that, after adjustments, the variants related with adiponectin would be associated with type 2 diabetes and its related phenotypes.
Research design and Methods

Study subjects
Cross-sectional data from the Jackson Heart Study (JHS) was used in this study. The JHS is a single-site, community-based study of risk factors and causes of heart disease in adult African Americans. A total of 5,301 noninstitutionalized African Americans aged 21-95 years residing in three contiguous counties surrounding Jackson, MS were recruited, interviewed and examined by certified technicians according to standardized protocols at baseline from 2000-2004 [20, 21] . All of the participants gave written informed consent to participate. The clinic visits included the collection of data on sociodemographics, anthropometry, survey of medical history, cardiovascular behavioral risk factors and blood and urine for biological risk factors. The data for this study includes a total of 3,020 men and women with complete DNA and total plasma adiponectin conducted on serum specimens collected at baseline from 2000-2004. These 3,020 participants gave consent for genetic analyses and were genotyped separately in the CARe consortium in 2006 using Affymetrix 6.0 platform [22] . This study was approved by the Institutional Review Board of the National Institutes of Health and the study protocol was approved by the Institutional Review Boards of the participating JHS institutions, including the University of Mississippi Medical Center, Jackson State University and Tougaloo College.
Outcome phenotypes
The main outcomes of the study were type 2 diabetes, plasma adiponectin, blood glucose, homeostatis model assessment-insulin resistance (HOMA-IR), and BMI. Type 2 diabetes was defined as fasting plasma glucose ≥ 126 mg/dL or self-reported use of insulin or oral hypoglycemic medications [23] . Adiponectin measurement was derived from venous blood samples drawn from each participant after more than 8 h of fasting. Vials of serum were stored at the JHS central repository in Minneapolis, MN at −80°C until assayed. Adiponectin concentration was measure as total plasma adiponectin by ELISA system (R & D Systems; Minneapolis, MN). The inter-assay coefficient of variation was 8.8 %. No biological degrading has been described using stored specimens, indicating a high validity for measurement [24] . Fasting plasma glucose and fasting insulin were measured using standard laboratory techniques. The HOMA-IR was calculated as [insulin (microunits per milliliter) x fasting blood glucose (millimoles per liter)]/22.5. Insulin resistance was defined as a HOMA-IR in the highest quartile of its distribution [25] . Body mass index was based on standing height and weight measured on a balance scale in lightweight clothing without shoes or constricting garments with weight recorded to the nearest 0.5 kg and calculated as weight in kilograms by height in meters squared (kg/m 2 ).
Primary predictor: SNP selection genotyping and imputation
A candidate gene approach for the selection of the genetic variants was used. The tagging approach was applied to the entire set of common genetic variants in the ADI-POQ gene (5kb upstream of the first exon and 5kb downstream of the last exon of the gene) with minor allele frequency (MAF) ≥1 % in Yoruba population (YRI) from the International HapMap Project [26] . SNPs were chosen based on their ability to capture genetic information for the YRI population. Tagging SNPs were selected by the Tagger algorithm available through Haploview using a pairwise SNP selection and captured an inter-SNP r 2 value of > 0.80 for known polymorphisms in the region. This process resulted in a selection of 15 tagging SNPs for ADIPOQ with a mean r 2 of 0.969 of the selected SNPs. This selection captures a high degree (over 95 %) of the known variability in this gene. IMPUTE2 software and reference phased data from the 1000G project were used for genotype imputation to infer ADIPOQ SNPs genotypes [27, 28] . SNP-level quality control metrics were applied prior to downstream analyses and included the following: call rate ≥ 95 %, MAF ≥1 %, Hardy-Weinberg equilibrium (HWE) Bonferroni correction = p ≥ 0.003, and quality measures for imputed SNPs of r 2 ≥ 0.3. Of the 15 SNPS, 3 were excluded because they were not available in the JHS data, and an additional 4 were excluded because they that did not meet the HWE criteria-resulting in eight SNPs for subsequent analyses.
Covariates
Information on key covariates, which are known risk factors for type 2 diabetes and related phenotypes, was obtained from baseline examination. Age was derived from self-reported date-of-birth. Proportion of European Ancestry (PEA) for each participant was calculated using HAPMIX supported by the CARe consortium [22, [29] [30] [31] . The proportion of global European ancestry estimates for the study has a median of 16.0 % and interquartile range of 15 %.
Biological risk factor measures included low-density lipoprotein (LDL), high-density lipoprotein (HDL), triglyceride, C-reactive protein (CRP), plasma leptin, blood glucose, and HOMA-IR. Behavioral risk factors included smoking status, physical activity, BMI, and alcohol consumption. Fasting LDL, HDL, triglyceride and blood glucose were assessed using standard laboratory techniques. Fasting CRP was measured using immunturbidimetric CRP-Latex assay from Kamiya Biomedical Company following manufacturer's high-sensitivity protocol [32] . The inter-assay coefficients of variation on control samples repeated in each assay were 4.5 and 4.4 % at CRP concentration of 0.45 and 1.56 mg/dL, respectively. The reliability coefficient for masked quality-control replicates was 0.95 for the CRP assay. Fasting leptin was collected via venous blood samples drawn from each participant and analyzed with Human Leptin PIA kit (LINCO Research, St Charles, MI, USA) [33] . Acceptable coefficient of variation was 10 % [33] . Insulin resistance status was estimated with the HOMA as previously described [25] . Smoking status was defined as current smoker and nonsmoker. Physical activity was assessed with a physical activity survey instrument comprised of 4 domains (active living, work, home and garden, sport and exercise). A total score was the sum of these domains with a maximum of 24. A higher score indicates a higher level of total physical activity. The calculation of BMI was previously described. Alcohol consumption status was defined as "yes" if participant reported ever consuming alcohol and "no" for those reporting never consuming alcohol. Socioeconomic status (SES) was based on self-reported level of educational attainment -< high school, high school or graduate education equivalency diploma GED), some college or vocational school, bachelors or associate degree, post-college experience.
Statistical analysis
All analyses were stratified by sex because of the differential prevalence of phenotypes. Baseline characteristics of the study sample were conducted by sex using t-test for continuous variables and chi-square for categorical variables. Hardy-Weinberg equilibrium tests for each of the ADIPOQ SNPs were analyzed using chi-square test. We then used logistic regression to assess the association between type 2 diabetes and each ADIPOQ SNP and linear regression was used to examine the associations of each ADIPOQ SNP with plasma, adiponectin, blood glucose, HOMA-IR, and BMI. Six sequential cumulative models, stratified by sex, were fitted for each phenotype with minor allele as the reference. Model 1 included each SNP as the primary predictor (unadjusted), model 2 included age, model 3 included PEA, model 4 included biological risk factors (LDL cholesterol, HDL cholesterol, triglyceride, CRP, plasma leptin), model 5 included behavioral risk factors (smoking status, physical activity, BMI, alcohol consumption), and model 6 included a fully adjusted model with SES based on level of educational attainment. Age, PEA, LDL cholesterol, HDL cholesterol, triglyceride, CRP, plasma leptin, blood glucose, BMI, physical activity and HOMA-IR were entered as continuous variables. Smoking status, alcohol consumption status, and SES were entered as categorical variables. Adiponectin, blood glucose, HOMA-IR and BMI were log transformed to obtain better approximations of the normal distribution prior to analysis. Multiple comparisons were controlled using Bonferroni correction which was defined a priori by dividing the significance level α = 0.05 by the number of selected ADI-POQ SNPS (0.05/8 = 0.00625) [34] . Therefore, a p-value threshold of 0.006 was used to determine statistical significance. Power analyses for the tests of association were computed using the minor allele frequencies and mean values of serum, adiponectin levels from the JHS and the effect sizes originally reported [34] . Assuming a p value of 0.001 and a power of 80 %, we will require 845 subjects per outcome in order to detect a 2 % of variation in adiponectin levels. Analyses were conducted using SAS version 9.3 [35] . Haplotypes were analyzed to identify haplotype blocks using linear regression in PLINK. Haplotypes with an estimated frequency <5 % were excluded from the analysis. Global p-values were obtained by omnibus tests jointly estimating all haplotype effects. Linear and logistic regression analysis was used for the individual haplotype association.
Results
The sex-stratified baseline characteristics of the study population are presented in Table 1 . Approximately 38 % of the sample was comprised of men and 62 % women. Women were significantly older and had a lower proportion of European ancestry (p <0.02 and 0.005, respectively). They also had differential levels of education compared to men (p <0.04). Behavioral risk factors were distributed differently between men and women. A higher proportion of men were current smokers, consumed alcohol and were more physically active (p <0.0001 for all). Women had a higher mean BMI (p <0.0001). A differential pattern was also observed regarding biological risk factors. Systolic blood pressure, DBL, LDL cholesterol, and triglyceride were higher among men (p < 0.03, 0.0001, 0.03, 0.0001, 0.0001, respectively). Women had higher HDL cholesterol, plasma adiponectin, leptin, CRP, and HOMA-IR (p < 0.0001, 0.0001, 0.0001, 0.0001, 0.0004, respectively). Additionally, a higher proportion of women had type 2 diabetes and hypertension (p < 0.01 and 0.009, respectively). Table 2 shows the characteristics, minor allele frequencies and HWE p-values for the selected ADIPOQ SNPs. Minor allele frequencies ranged from 6 to 43 %. All of the SNPs included in the subsequent analysis conformed to HWE.
Association between ADIPOQ SNPs and phenotypes
Results are presented in Table 3 . No ADIPOQ variant was found to be associated with type 2 diabetes in men or women in the crude or adjusted models. Results in Table 4 show no association between any of the variants and plasma adiponectin among men. However, two variants were significantly associated in women. ADIPOQ SNP rs16861205 was significantly associated with adiponectin in women even after adjusting for age, PEA, biological and behavioral risk factors and SES (in fully adjusted model 6: ß (SE) = −0.13(0.05), p = 0.003). ADI-POQ SNP rs1501299 was only significant in the crude HOMA-IR Homeostasis model assessment -insulin resistance model and the one adjusted for age. There were no association with the ADIPOQ SNPs and blood glucose in men or women as indicated in Table 5 . Two variants were observed to be significantly associated with HOMA-IR in men. ADIPOQ SNP rs12495941 was significantly associated after adjusting for age, PEA, biological risk factors and behavioral risk factors, but the association attenuated and became marginally non-significant after adjusting for SES (model 6: ß (SE) = 0.40 (0.15), p =0.0086). However, the association between ADIPOQ SNP rs7627128 remained significant even when fully adjusted for SES (model 6: ß (SE) = −0.73 (0.20), p = 0.0003). Table 6 shows one variant was associated with HOMA-IR in women. ADIPOQ SNP rs1501299 was only significant in the crude and age adjusted models (p = 0.003 and 0.003, respectively). Table 7 reveals that there was no association between any of the variants and BMI in men or women.
Association between haplotypes with HOMA-IR and adiponectin
SNPs that were significantly associated with HOMA-IR and adiponectin (rs7627128 and rs16861205) were tested. The haplotype analysis did not reveal any significant association after controlling for covariates (data not shown).
Discussion
Selected ADIPOQ SNPs were analyzed to assess their association with type 2 diabetes and related phenotypes in a large well characterized sample of African Americans. Our findings show the ADIPOQ variant rs16861205 (MAF = 0.21) was significantly associated with a lower level of plasma adiponectin in women with minor allele A than none-carriers. This association was attenuated after adjusting for PEA and biological risk factors but persisted when fully adjusted for age, PEA, biological and behavioral risk factors and SES. These findings suggest an etiological association between genetic variant rs16861205 and lower levels of adiponectin observed in African American women either directly or through another variant that is linked to it. Gender can be considered a measured environmental risk factor which incorporates established anatomical, physiological, and behavioral differences between genders. The gender dismorphism in adiponectin levels is well established starting at puberty -possibly influenced by sex hormones which might explain our observation of lower adiponectin in women [32] . Our findings of observed lower levels of adiponectin in women are consistent with other research that similarly document lower levels of adiponectin in African American women when compared to other race/ethnic women [32, 36] . Cohen et al., for instance, observed a lower level of serum adiponectin in African American women when compared to white women [36] . However, unlike our finding, they did not find any associations between adiponectin and the SNPs in the adiponectin gene that were assessed. This observation may be due to a smaller sample size. ADIPOQ variant rs1501299 in women with minor allele T also had lower plasma adiponectin after adjusting for age, but this association disappeared after adjusting for PEA, biological and behavioral risk factors and SES.
Our findings also revealed that the ADIPOQ SNP rs12495941 (MAF = 0.35) was significantly associated with higher HOMA-IR among men with carriers of the minor allele T suggesting perhaps a relationship between the variant and likelihood of type 2 diabetes. The rs1249541variant is located in the intron 1 region not involved in any putative transcription factor binding site which means this SNP is a noncoding variant without obvious regulatory function. Thus, this SNP may be in linkage disequilibrium with another functional variant in African Americans [15] . We attempted to predict in sylico the potential functionality of the tagged SNPS with software AliBaba in order to test their role as potential transcriptional regulators of adiponectin Table 6 Association between HOMA-IR and ADIPOQ SNPs among men and women in the Jackson Heart Study, N = 2,347* Men, n = 920 expression through different mechanisms such as sequence alterations involved splicing processes and modifications in transcriptional factors binding motifs [37] . Our analysis revealed the tested SNPs disrupted or resulted in the appearance of putative transcription factor binding sites. Further functional analysis studies of this and other SNPs, particularly in African Americans, are needed to elucidate the potential role in regulating adiponectin expression. ADIPOQ SNP rs1249541 has been found to be associated with adiponectin levels and anthropomorphic measures in other populations [38] . However, to the best of our knowledge, this is the first report on a gender specific association between the rs12495941 variant and HOMA-IR. The Bonferroni significance threshold, however, was lost in the model that was fully adjusted for SES. On the other hand, the ADIPOQ SNP rs7627128 was also associated with HOMA-IR in male carriers of the minor allele who had significantly lower HOMA-IR, and this finding was consistent in each of the models. As with rs1249541, this SNP is located in the intron 1 region and lacks obvious regulatory function and also represents a novel finding. ADIPOQ SNP rs1501299 in women with minor allele T had higher HOMA-IR but this association did not persist beyond adjustment for age. This attenuation underscores the importance of including adjustment for African ancestry (model 3) in analyses of African American populations. The association at different SNPs in our sample is not unexpected. Ukkola et al. indicate this may be a reflection of ethnic differences in adiponectin gene structure based on their evaluation of African Americans from the HERITAGE study [38] . The data in their study are further supported by evidence demonstrating African Americans have reduced plasma adiponectin concentrations when compared to other ethnic groups [10] . The potential for ethnic differences in the adiponectin gene emphasizes the need to study genetic associations in a variety of populations. The differential sex observation related to SNPs rs12495941 and rs7627128 is not clearly understood, but may be related to sex-specific hormones such as estradiol and testosterone as observed with rs16861205 and adiponectin [39] [40] [41] . There was substantial missing HOMA-IR data in our data which may likewise result in biased findings. Further research on ADIPOQ variants and HOMA-IR on both sexes accounting for sex hormones is warranted to elucidate the biological mechanisms of this association.
Our study did not reveal any association of ADIPOQ SNPs with type 2 diabetes, blood glucose or BMI in men or women. These findings are interesting given prior evidence documenting the association of ADIPOQ gene with type 2 diabetes, insulin resistance, elevated blood glucose and BMI [12] [13] [14] [15] . However, such reports did not adequately control for ancestry, biological and behavioral risk factors or SES when assessing the association of ADIPOQ polymorphisms. An investigation by Bostrom et al., for instance, similarly found that SNP rs3821799 in the ADIPOQ gene was not associated with type 2 diabetes in African Americans [15] . These investigators also tested the association of SNP rs1501299 and found no association with type 2 diabetes. Previous studies that did not include African Americans detected an association of ADIPOQ SNPs in the promoter region or in exons (exon 3) with morbid obesity and with type 2 diabetes [42, 43] . Our analysis of variant rs12495941 revealed no associations with our outcomes. A study of this variant in a sample of Indians also found no association with type 2 diabetes or insulin sensitivity related variables [44] . This polymorphism was, however, associated with fasting glucose levels in Hispanics [45] . We also assessed variant rs9877202. Few studies have investigated this intronic polymorphism. However, this variant was not associated with any study outcomes [46] . A recent meta-analysis reported a genetic susceptibility for type 2 diabetes linked to rs1501299 in East Asian populations [47] . We found no association with any of the outcomes in our study.
Several studies have reported a significant association between BMI and various ADIPOQ SNPs [17, 36, 38] , albeit with inconsistent results across studies. Furthermore, such studies were conducted in non-African American populations and did not report sex differences. However, evidence from a genome wide association study by Liu et al. identified two waist-related genetic loci (LHX2 and RREB1) associated with fat distribution in African American populations [17] . A report by An et al. of the IRAS Family Study, on the other hand, indicates no association between selected ADIPOQ SNPs and BMI in African Americans [42] . They further report that only one promoter SNP was positively associated with plasma adiponectin and fasting glucose in African Americans -rs17300539.
Strengths and limitations
The main strength of this investigation is that findings were from the largest community-based sample of African Americans, a cohort with strict protocol and high quality-control. It also addresses a health outcome that disproportionately affects African Americans. In addition, it presents differential findings between African American men and women. Further, the sample size far exceeds those in previous reports and the study used a tag SNP approach that captures much of the variation across the adiponectin gene in African Americans. The analysis was also adjusted for global/aggregate genetic ancestry, biological and behavioral risk factors and socioeconomic status. In terms of limitations, findings cannot be generalized to other ethnic groups. Secondly, this is a cross-sectional analysis and causality between ADIPOQ SNPs and phenotypes cannot be attributed without longitudinal tracking or incidence. Finally, although some of the associated SNPs did not reach a Bonferroniadjusted threshold of significance, it will be important to replicate these findings in additional suitable cohorts.
Conclusion
The objective of this study was to assess the association of tag ADIPOQ SNPs with type 2 diabetes and related phenotypes between African American men and women. No association was observed between ADIPOQ SNPs and type 2 diabetes, blood glucose or BMI in men or women. A significant association with variant rs16861205 and lower adiponectin level was revealed in women with minor allele A. Variant rs12495941 revealed men with minor allele T had higher HOMA-IR but significance disappeared after adjustment for SES. Variant rs7627128 indicated men with minor allele A had significantly lower HOMA-IR that remained consistent in the fully adjusted model. These associations represent novel findings. As with any gene-phenotype association study, it is necessary to replicate study findings in other large well characterized study populations. Our well-adjusted findings nevertheless suggest important new insights regarding the association between ADIPOQ SNPs and type 2 diabetes and related phenotypes in African American men and women a disproportionately affected population.
